We investigated prescriptions regarding the combined use of donepezil hydrochloride (DPZ) and anticholinergics for elderly outpatients in Japan to determine the impact that combination therapy has on decreasing their cognitive functions. Methods: Using electronic medication records from 142 community pharmacies, outpatients older than 40 years of age taking DPZ, with or without other prescription medicines, were assessed over 6 years, beginning in 2007. We estimated the number of medicines administered along with DPZ, the number of anticholinergics administered along with DPZ, and the medicines' anticholinergic cognitive burden (ACB) scale cumulative score based on data from the top four pharmacies that filled the highest number of prescriptions for DPZ for outpatients with dementia in 2010. Data were gathered from records of 431 patients; only three patients were younger than 60 years. Results: There was a 1.94-fold increase in the number of prescriptions including DPZ over 6 years. The proportion of patients to whom other medicines were administered along with DPZ was 65.6% (n=283) and the proportion of those taking at least one anticholinergic agent was 24.1% (n=104). The mean number of medicines among subjects taking at least one anticholinergic was 5.7, and the mean cumulative ACB score for anticholinergics contained in these medicines was 2.6. Among 104 patients to whom the anticholinergics were administered along with DPZ, two outpatients taking urologic medicines such as oxybutynin hydrochloride or tolterodine tartrate were found. Conclusion: Our findings suggest that it is necessary to pay attention to a decline in cognitive function when prescribing multiple medicines, especially to elderly patients who have already been prescribed DPZ.
Introduction
The criteria for dementia in the elderly who are eligible to receive long-term care insurance were established by the Ministry of Health, Labour and Welfare in Japan. 1 For elderly with dementia, the degree of independent daily living is classified into five categories: I, II, III, IV, and M.
Category I represents light dementia, with subjects still capable of living independently in their home and community. Category II represents dementia that has submit your manuscript | www.dovepress.com
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Kurata et al progressed compared with Category I, and subjects have some disabilities associated with their condition, activities of daily living, and communication with others, but are capable of living independently under the guide of their families or caregivers. Category III requires long-term care or support, and Category IV represents a continuous decrease in living functions. Category M requires explicit medical care with health care professionals because the patient's disability has significantly increased in terms of severe physical, mental, and behavioral problems.
Approximately 1,600,000 elderly Japanese were considered to have Category I dementia regardless of whether they received certification for long-term care insurance in 2010. 2 When this population is added into the elderly population with dementia higher than Category II, the prevalence rate of dementia becomes approximately 15% of the Japanese population older than 65 years. Of this population, only 1.3% of the elderly live in a hospital setting. 2 Furthermore, approximately 3,800,000 of the elderly are estimated to have mild cognitive impairment (MCI), a number that accounts for approximately 13% of the population older than 65 years of age. 3 Elderly subjects with MCI do not always develop dementia, but the rate of shifting from MCI to dementia increases with age. The shifting rate in females is estimated to be 1.4-fold greater than that in males. 4 Elderly subjects with dementia generally receive multiple medications, both for the treatment of dementia as well as for the treatment of comorbidities that occur with age. "Safe Pharmacotherapy Guidelines in the Elderly 2005" was published by the Japan Geriatrics Society in 2005 and it listed 45 pharmacologic categories of medicines that require particularly prudent administration in the elderly. 5 Attention focuses on "anticholinergic actions" associated with 13 categories of drugs. 6 The "Safe Pharmacotherapy Guidelines in the Elderly 2005" was based on Beers criteria published in the USA in 2003. 7 Therapeutic medicines used for neuropsychiatric, digestive system, and urologic disorders are typical anticholinergics. An anticholinergic cognitive burden (ACB) scale and an anticholinergic risk scale have been proposed to evaluate the risk for cognitive functional disorders from the use of anticholinergics. 8, 9 Both scales are rated from 1 to 3, with a higher score being associated with a greater risk of leading to a cognitive functional disorder. Medicines listed in the ACB scale are not only typical anticholinergics but also those with serum anticholinergic activity (SAA) via nonspecific receptor binding, including warfarin potassium, furosemide, and nifedipine. 10 Though these three drugs are not clinically classified as anticholinergics, the ACB scale rates these SAA medicines, along with medicines with a weak but definite anticholinergic action, as having a score of 1. In contrast, a score of 3 is given for medicines such as olanzapine and chlorpheniramine maleate for which the potential risk of developing cognitive functional disorders is high. Fox et al 8 showed that a dose-response relationship was observed between an increase in cumulative ACB score and a decrease in Mini-Mental State Examination (MMSE) score, which measures individual cognitive function. A cumulative ACB score .4 is significantly associated with a decrease in MMSE score when compared with MMSE scores among patients not receiving anticholinergic medications. 8 Donepezil hydrochloride (DPZ) is administered to delay the progression of all types of dementia in general. DPZ is an acetylcholinesterase inhibitor (AChEI) that increases acetylcholine (ACh) levels and can compete against anticholinergics in terms of its pharmacologic actions. Thus, simultaneous administration of DPZ and anticholinergics can affect therapeutic outcome. Through the autonomic nervous system, AChEIs can contribute to urinary incontinence. At the same time, the onset of or worsening of incontinence is commonly seen as part of the natural history of dementia. This fact leads to what is referred to as a prescription cascade. 11 The prescription cascade represents what happens when additional medications are added to the patient's regimen to the point that adverse drug reactions (ADRs) are considered an integral part of the patients' disease progression or a disease by themselves. Because unintended harmful effects with medicines are similar to the geriatric syndrome that develops with the aging process, other medications are frequently prescribed to treat a disease that is actually an ADR.
We report on the cumulative ACB scores in outpatients receiving DPZ with anticholinergics to determine the impact that combination therapy has on decreasing their cognitive function.
Methods
Filling prescriptions for DPZ in community pharmacies
The number of prescriptions including DPZ, and the number of patients corresponding to these prescriptions, were extracted from a database electronically stored in a community pharmacy chain (Yakuju Corporation, Kanagawa, Japan) from January 
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combined administration of donepezil and anticholinergics for dementia outpatients 144 stores (as of December 31, 2012), located in the Japanese Kanto region (eastern half of Japan including Tokyo). Numeric data were collected from all pharmacy stores every year for the 6-year survey period in order to mine the pharmacies that filled the most prescriptions for DPZ until 2010 as well as examine changes in the number of DPZ prescriptions. The criteria for selecting the pharmacies are as follows: 1) filling prescriptions for medicines, not necessarily restricted to DPZ, had been started before December 31, 2012; 2) filling prescriptions for medicines had been continued; and 3) filling prescriptions for DPZ had been made one or more times during the survey period. This survey was carried out for patients older than 40 years who were divided into two groups: 40-59 years and 60 years and older.
coadministration of DPZ and acB medicines
Eighty-three ACB medicines have been identified based on generic names listed on the website of the University of East Anglia. 12 Among these, 64 medicines containing four types of second-generation antipsychotics (olanzapine, quetiapine fumarate, risperidone, and perospirone hydrochloride) have been approved in Japan and were examined in our survey (Table 1) .
To survey the coadministration of DPZ and ACB medicines, we selected the top four pharmacies where the frequency of filling prescriptions for DPZ was the highest from January 1, 2010 to December 31, 2010; these prescriptions were mainly provided by geriatric medical specialists.
As of 2010, the only dementia-related medicine reimbursed by the National Health Insurance in Japan was DPZ. Therefore, our 1-year survey in 2010 can accurately estimate the risk of a decline in cognitive function and/or a prescription cascade possibly brought on by the simple combination of DPZ and anticholinergics.
Medication history data from these pharmacies corresponding to the mentioned period was anonymized in an unlinkable fashion, and 431 patients (178 males and 253 females) who had taken DPZ were extracted from the anonymous data.
These patients were divided into three groups: group A included patients who received DPZ alone; group B included patients who had received one or more ACB medicines in addition to DPZ; and group C included patients who had received medications other than ACB medicines in addition to DPZ.
The maximum number of concomitant medicines that individual patients received along with DPZ was counted for group B and group C during the 1-year survey period; this Notes: acB medicines are medicines listed on the acB scale. an acB score of 1 indicates mild anticholinergic action; an acB score of 2 indicates moderate anticholinergic action; and an acB score of 3 indicates severe anticholinergic action. Both promethazine hibenzate and promethazine methylenedioxy salicylate are listed on the acB scale. In Japan, the same pharmaceutical code is used for these two medicines. Abbreviation: acB, anticholinergic cognitive burden.
number was defined as the "coadministration number". The coadministration number of each patient was accumulated and averaged in each group. In group B, the score of ACB medicines was totaled to determine the "cumulative ACB score" for each patient.
Statistical analyses in older patients were carried out after further dividing these patients into two age groups: 60-79 years and 80-99 years. Only three patients were in the younger age group (40-59 years); they were excluded from the 1-year analysis of the four pharmacies because their number was so small. Statistical tests were performed using PASW Statistic 18 (IBM, Chicago, IL, USA). Fisher's exact test (P,0.05) was applied for differences in the proportion of patients in groups B and C to that of all patients between males and females and that between patients aged 60-79 and 80-99 years and those corresponding to the proportion of the number in group B to that of the number in groups B and C. Mann-Whitney U test (P,0.05) was used for identifying differences in the mean number of medicines between sex, between the two elderly age groups, and between groups B and C.
Results
annual change in the number of prescriptions for DPZ
The number of prescriptions, including DPZ, had a tendency to increase 1.94-fold from 12,363 prescriptions in 2007 to 23,992 in 2012 (Figure 1) . A Japanese formal prescription can include multiple medicines on one prescription page; thus, a "prescription including DPZ" is defined as one on which either DPZ as the generic name or its brand name such as Aricept (Eisai Co Ltd, Tokyo, Japan) is written or printed, even if other medications appear on the sheet. The number of patients by decade was the highest in the age range of 80-89 years ( Burden of concomitant use with DPZ
As shown in Table 3 , 148 patients (34.3%) were in group A. One hundred four patients in group B had taken one or more ACB medicines (24.1%). Two hundred eighty-three patients (65.7%, coadministration rate) were in groups B (n=104) and C (n=179), who were administered a combination of one or more medicines in addition to DPZ. The proportion of patients in group B to that of groups B and C (ACB medicinecoadministration rate) was 36.7% (104/283). The mean age of group B patients was 79.6±7.9 years, which was younger than that of group A (80.1±6.9 years) or group C (80.2±6.3 years). Approximately 21.1% of the patients aged 80-89 years were in group B, which was smallest of all the age groups ( Table 3) .
The proportion of patients in groups B and C to that of all patients (coadministration rate) calculated for the age ranges of 60-79 and 80-99 years was 67.2% and 73.0%, respectively. These values were not significantly different. The proportion of patients in group B to that of groups B and C (ACB medicine-coadministration rate) for the two age ranges was 37.4% and 31.8%, respectively. There were no significant differences by age.
The coadministration rates corresponding to groups B and C were 69.7% for males and 62.8% for females. The ACB medicine-coadministration rates by sex in group B were 38.7% and 35.2%, respectively. There were no significant differences by sex.
The mean number of medicines administered along with DPZ was 5.7 for group B (n=104) and 2.8 for group C (n=179) ( Table 3 ). When group B was compared with group C, group B had a significantly greater mean number of medicines than group C (P,0.05). The mean number of medicines in group B was estimated for two age ranges: was 6.0 for those aged 60-79 years and 5.3 for those aged 80-99 years. There were no significant differences by age. There were no significant differences by age in group C or by sex in either group.
acB medicines coadministered in this study
Among the 64 approved ACB medicines, 29 were administered to subjects in group B. These ACB medicines had the following ACB scores: 14 of 32 medicines (43.8%) with a score of 1, two of six (33.3%) with a score of 2, and 13 of 26 (50.0%) with a score of 3. Most of these medicines affected the central nervous system and were used to treat the behavioral and psychological symptoms of dementia. The ACB medicines with a score of 1 included seven SAA medicines: nifedipine, warfarin potassium, furosemide, ranitidine hydrochloride, cimetidine, captopril, and theophylline. Table 4 shows the number of patients to whom each ACB medicine was administered, their mean age, the mean 
138
Kurata et al number of medicines given along with DPZ, and the mean cumulative score of ACB medicines. Among group B subjects taking at least one ACB medicine, the number of patients taking amantadine hydrochloride was the highest (n=24/104; 23.1%). Their mean age was 75.5 years, and the mean number of medicines was 6.4. The number of patients taking risperidone was second highest (n=13; 12.5%); these subjects had a mean age of 77.2 years and took a mean of 4.8 medicines.
Among the 104 outpatients for whom ACB medicines were prescribed, two patients took oxybutynin hydrochloride or tolterodine tartrate, urologic medicines that have anticholinergic actions. Both patients took only one anticholinergic and a number of other medicines; this number of concomitant medicines was five for one patient (age 71 years, male) prescribed oxybutynin hydrochloride and ten for another patient (age 85 years, female) prescribed tolterodine tartrate. Amitriptyline hydrochloride was most likely to be prescribed with other medications (mean, 17.0 other medicines) followed by digoxin (12.0 other medicines) and promethazine hibenzate and methylene disalicylate (11.0 other medicines each).
cumulative scores of the acB medicines administered to each patient
The mean number of medicines per person administered along with DPZ for 104 patients in group B in this study was 5.7, and the mean number of only ACB medicines per person administered along with DPZ for 104 patients in group B was 1.3 (Table 5 ). When the scores for the ACB medicines administered to each patient were added together, this total was averaged for 104 patients in group B, and the mean cumulative ACB score was found to be 2.6 (Table 5) .
Among the 104 patients in group B, 20 (19.2%) had a cumulative ACB score greater than 4 ( Figure 3 ). are only a few surveys related to the administration of anticholinergics among outpatients in Japan. 15 The findings of this study showed that the mean concomitant medicines per prescription (not per patient) for dementia patients older than 65 years who also received DPZ was 4.2. The coadministration rate was 32.5% in this study; however, this represents the number of patients who had potentially taken medications other than ACB medicines, because they appeared on the medicine list evaluated with the Beers criteria.
The number of elderly patients with dementia who had received pharmacotherapy treatment in an outpatient setting in our study, based on administration of DPZ, had a clear tendency to increase in our survey period. This increase may be due to an increase in the older population, not due to an increase in the incidence of dementia. We can assume this increase from the fact that, as of the last 2012 in the 6-year survey period, 142 community pharmacies that are located into Kanto region have filled prescriptions including DPZ. It is reasonable to assume that with the growth of the elderly population, the number of elderly with dementia receiving DPZ will continue to increase in Japan.
Overall, 65.7% of 431 outpatients in our survey had taken another medication in addition to DPZ (24.1% for group B and 41.5% for group C), and 24.1% had taken an anticholinergic medicine in addition to DPZ (group B). In the USA, the coadministration rate of anticholinergics in outpatients aged 65 years and older with dementia was 42.9% in 2006−2007. 14 In 2010, Shuto et al 16 reported on the number of inpatients taking DPZ along with other medications. The proportion of inpatients taking DPZ in this study as divided by the groups defined in our study was as follows: group A, 12.1%; group B, 45.6%; and group C, 42.2%. 16 Among these inpatients, the coadministration rate related to the number of patients in groups B and C, and that in group B was 87.9% and 45.6%, respectively. 16 That prescription survey, however, was based on complete medication information for inpatients.
The coadministration rate in inpatients is generally higher than that in outpatients because inpatients have more severe conditions than those observed in outpatients. 17, 18 Our study found that the proportion of group A dementia outpatients taking DPZ alone was 34.3%, which was higher than the 12.1% observed for inpatients. Even if they may receive other medicines from other community pharmacies, we can consider the situation where elderly outpatients with dementia take DPZ only in Japan.
The 2008 Japanese census reported that 35.7% of outpatients older than 65 years had gone to two or more hospitals and/or clinics to receive medical follow-up treatment. Cumulative ACB score (N=104) Figure 3 Distribution of cumulative scores of acB medicines in group B. Note: Only one acB medicine used (dot), combination of two acB medicines (stripe), combination of three medicines (pale gray), and combination of four medicines (dark gray). Abbreviations: acB, anticholinergic cognitive burden; n, number.
Fifteen patients showed cumulative ACB scores ranging from 4 to 6 with a combination of two ACB medicines, and two patients showed a cumulative ACB score of 5 or 7 with the combination of three ACB medicines. Three patients showed a cumulative ACB score of 5, 8, and 11 with the combination of four ACB medicines.
Discussion
This study showed that the number of outpatients who received DPZ at community pharmacies increased 1.94-fold from 2007 to 2012. The relationship between anticholinergic medicines and an increase in MCI was pointed out in the 1970s, and, in 2006, a longitudinal cohort study concluded that long-term continuous use of the anticholinergics lead to MCI in the elderly; the extent of the disability is light, but the frequency is high. 13 Bhattacharya et al 14 
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Kurata et al Therefore, the coadministration rate estimated in our study may be considerably lower than the actual rate of the combined use of anticholinergics in elderly outpatients taking DPZ because their prescriptions are not always filled with one single pharmacy.
However, we could estimate the maximum risk for a decline in cognitive function with ACB medicines at least in one pharmacy, as approximately 60% of outpatients examined in our study had no change in the number of medicines that combined to DPZ.
Currently, there is no national database capable of listing all medicines administered to a particular patient in Japan. Our 1-year survey is intended not to follow-up the continuous administration of DPZ for a particular patient (as has been performed for inpatients by Shuto et al 16 ), but to track prescriptions for outpatients to whom DPZ had been prescribed even once.
The combined use of DPZ and ACB medicines was surveyed in this study as of 2010. After 2011, rivastigmine and galanthamine hydrobromide, which are AChEIs, and memantine hydrochloride, which is an NMDA receptor antagonist, were approved for the Japanese market. Therefore, the risk for a decline in cognitive function and/ or a prescription cascade brought on by the combination of these newer agents with anticholinergics should be studied in the future to provide updated data.
Our 1-year survey was intended to determine if a patient is receiving specified medicines that may interact and lead to a prescription cascade. We thus used the four pharmacies with the highest number of prescriptions for DPZ to help determine the use of DPZ and ACB medicines in an outpatient setting.
Increasing number of medicines administered at the same time may bring about ADRs, especially in the elderly. 19 A combination of DPZ and anticholinergics for elderly patients with dementia may bring about a further decrease in cognitive function, and, in some cases, a prescription cascade, with additional medications being prescribed by mistake.
The average cumulative ACB score was 2.6 in our study. Approximately 19.2% of outpatients for whom DPZ has been prescribed however had the cumulative ACB score .4. Thus, additional administration of prescription medicines to patients should be carefully done, and patients should be followed up for the occurrence or progression of cognitive functional disorders.
Two outpatients taking oxybutynin hydrochloride/ tolterodine tartrate along with DPZ were found in 431 outpatients for whom DPZ was prescribed for dementia, probably because of occurrence of urinary symptoms such as urinary incontinence as a result of taking DPZ. A cohort study by Gill et al 11 showed that elderly (.65 years) who were diagnosed with dementia, receiving an AChEI, and had no recorded medical history of urinary incontinence still had a 1.66 hazard ratio of being prescribed an anticholinergic for impending urinary incontinence compared with patients not being treated with an AChEI. This finding indicates that patients receiving an AChEI may have a significant risk of experiencing a prescription cascade.
Because 86.4% of dementia patients are cared for at their homes or at nursing and care homes in Japan, we think that it is necessary to understand actual medication usage for dementia on an outpatient basis. 2 DPZ may lead to harmful interactions with medicines metabolized by either CYP3A4 or CYP2D6 and those inducing CYP. Thus, prudent monitoring is required for elderly outpatients with dementia taking multiple medications.
As the pharmacotherapy of patients with dementia is often complicated, compared with these patients with other chronic diseases, all community pharmacies in Japan need to understand the potential risks associated with polypharmacy. Appropriate medication for dementia patients, which takes into consideration cognitive function disorder that may be brought about by concomitant anticholinergics, should be provided in all community pharmacies in Japan.
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